Background: Metabolic syndrome (MetS) is a cluster of risk factors for type 2 diabetes (Type2 DM) and cardiovascular diseases (CVD), and its prevalence varies based on region, population, and sex. Newborns of women with MetS have a greater risk of adverse perinatal outcomes. This study explores the prevalence of metabolic syndrome in non-diabetic, pregnant Angolan women and the adverse perinatal outcomes associated with it.
Background
Metabolic syndrome (MetS) is a cluster of risk factors for type 2 diabetes (Type2 DM) and cardiovascular diseases (CVD), with insulin resistance (IR) proposed as the linking factor [1] . It includes dyslipidemia elevated triglycerides and apolipoprotein B (apoB), containing lipoproteins and low high-density lipoproteins (HDL), as well as elevated arterial blood pressure (BP) and dysregulated glucose homeostasis. Abdominal obesity and/or IR have also gained increasing attention as important components of the syndrome. Despite the many components and clinical implications of MetS, there are still no universally accepted pathogenic mechanisms or clearly defined diagnostic criteria [2] , for the syndrome.
Over the past few decades, several definitions of MetS have been proposed using various diagnostic criteria: WHO [3, 4] , the National Cholesterol Education Program Third Adult Treatment Panel (ATPIII) [5] , and more recently, the International Diabetes Federation (IDF) (2005) . In an attempt to unify the criteria, in 2009, an additional definition was proposed as a harmonized dos Prazeres Tavares et al. Diabetol Metab Syndr (2016) 8:27 Joint Interim Statement (JIS) by several organizations. Notwithstanding the various definitions, central obesity, dyslipidemia, hyperglycemia and elevated BP are the key characteristics of MetS [6] .
In the same year as the JIS publication, a study conducted in Brazil showed that the prevalence of MetS in pregnancy increases with the decline in glucose tolerance. The study also demonstrated that the glycemic profile is a useful diagnostic tool for identifying metabolic abnormalities related to MetS in pregnancy and predicting the occurrence of adverse perinatal outcomes (APO). The authors concluded that MetS diagnosed during mid-pregnancy is a predictor of APO, both in women with gestational diabetes (GDM) and in those with mild gestational hyperglycemia (MGH) who are not currently classified as having GDM. These results reinforced the importance of screening for the components of MetS to identify pregnant women who are at high risk for APO [7] .
During the same period, research was published studying different populations and showed an association between maternal MetS in early pregnancy and higher risk for both preterm birth [8] and GDM [9] .
In 2008, Bartha et al. modified the NCEP ATPIII for pregnancy, establishing a new cutoff for several parameters: pre-pregnancy BMI >30 kg/m 2 , plasma triglycerides ≥2 SD for gestational age, HDL cholesterol >2 SD for gestational age, blood pressure ≥130/≥85 mm/Hg, and fasting glucose ≥110 mg/dl [10] .
Recognition of MetS during pregnancy could help identify a subgroup of women who may not only develop a pregnancy-related condition but are also potentially at an increased risk for either metabolic or cardiovascular adverse conditions later in life.
Adverse outcome indexes were designed to measure the quality of perinatal care [11] [12] [13] .
The clinical outcomes are a function of both the received healthcare and the basic health status of the patient [15] .
In sub-Saharan Africa, many countries are experiencing a rapid demographic and epidemiological transition [16] .
Angola is a country in sub-Saharan Africa that has undergone significant political changes over the last several years, accompanied by rapid economic growth and an increased urbanization rate. These changes may be implicated in the increasing prevalence of MetS caused by the rise in obesity due to insufficient physical activity, dyslipidemia, hypertension and hyperglycemia [16] . However, the prevalence of the MetS in pregnant Angolan women, the specific factors contributing to its occurrence and its perinatal implications remain unknown. Despite the diversity of definitions, the prevalence of MetS is well known in several populations worldwide [2] . To date, however, no such information is available in communities in low-to mid-income countries, such as non-diabetic, pregnant Angolan women. There are also no studies on the association between APO and maternal MetS in pregnancy.
Our hypothesis is that in a country with a high prevalence of MetS, norm glycemic pregnant women may also exhibit a high prevalence of MetS, which has direct effects on the perinatal results. The detection of MetS during pregnancy has not been established in the literature, and it merits a comparison between different diagnostic criteria.
This study aimed to first-gather data on the prevalence of MetS in a subset of non-diabetic, pregnant Angolan women; second-estimate the prevalence of MetS according to four diagnostic criteria: NCEP ATP III [5] , the Joint Interim Statement (JIS) definition [6] , and the modification of criteria for pregnancy proposed by Bartha et al. [10] and Chatzi et al. [8, 9] ; first-determine the level of agreement and disparity among these four criteria for the diagnosis of MetS and APO; and forthcompare the effects of MetS in non-diabetic, pregnant women on APO.
Methods

Study population
This mother-child, cross-sectional study examined a sample population of non-diabetic pregnant women from the public General Hospital of Huambo, Angola, to estimate the prevalence of metabolic syndrome (MetS) in pregnancy and its effects on APO. During the study period, which lasted from December 2014 to February 2015, a total of 675 single, non-diabetic pregnant women with complete data were selected and enrolled in this study.
The study was conducted according to the tenets of the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of the Faculty of Medicine, Agostinho Neto University, Huambo, Angola.
All non-diabetic pregnant women in the maternity ward during this period were invited to participate and were included after an informed consent form was signed. Patients with established cardiovascular diseases, thyroid dysfunction, excessive alcohol or other drug abuse, current or recent psychiatric treatment (upto 4 months) during pregnancy and cesarean section were excluded. Eight nurses were trained on the structured guide for the survey. The interview guide was divided into three sections: socio-demographic characteristics, anthropometrics and biochemical evaluation.
On the test day, all consenting subjects provided information for a structured questionnaire, underwent an All biochemical analyses were carried out within 2 h of blood sampling in the laboratory of the General Hospital of Huambo.
Pre-gestational BMI and waist circumference (WC) were obtained to quantify obesity. Body weight (kg) was measured to the nearest 0.1 kg using a previously calibrated mechanical scale (SECA GmbH & Co, Germany) with a maximum capacity of 200 kg. Standing body height (cm) was measured to the nearest 0.2 cm using a portable wall stadiometer (Seca, Germany). WC was measured in cm at the level of the navel using a flexible, non-distensible tape without exerting pressure on the tissues. Pre-gestational BMI was calculated as weight in kilograms divided by the square of the height (kg/m 2 ). Three consecutive measurements of sitting blood pressure at a minimum of 5-min intervals were recorded using Omrom ® MX3 with an automated oscillometric Blood Pressure Monitor (O-HEM-742-E) (Matsusaka, Japan) [17] .
After the participants had been sitting for at least 30 min, were measures Systolic blood pressure (SBP, mmHg) and diastolic blood pressure (DBP, mmHg). Hypertension was defined as systolic blood pressure ≥130 mmHg and diastolic blood pressure ≥85 mmHg.
In addition, venous blood samples were drawn from the forearm using standard techniques and were processed immediately using commercially available kits (BioSystems SA, Costa Brava 30, Barcelona, Spain) to measure fasting plasma glucose (FPG, mg/dl), triglycerides (TG, mg/dl), total cholesterol (TC, mg/dl), low-density lipoprotein cholesterol (LDL-C, mg/dl), and high-density lipoprotein cholesterol (HDL-C, mg/dl). All biochemical analyses were carried out within 2 h of blood sampling in the central laboratory of Huambo Hospital. This lab adheres to strict internal and external standards of quality control techniques.
Definition of metabolic syndrome in pregnancy
All participants were classified as either having or not having MetS according to four criteria, as indicated in Table 1 , NCPE ATP III 2001 [5] , JIS and two modified definitions for pregnancy: Bartha et al. [10] and Chatzi et al. [8, 9] .
The definition of the four criteria was based on the presence of three or more of the five components ( Table 1) .
The ATP III [5] components are WC >88 cm; SBP ≥130 mmHg and/or DBP ≥85 mmHg and/or BP-lowering treatment; fasting triglyceride levels ≥150 mg/dl and/ or treatment for hypertriglyceridemia; HDL-C <50 mg/ dl and/or treatment for dyslipidemia; and fasting glucose level ≥110 mg/dl and/or on antidiabetic medication.
The Joint Interim Statement (JIS) definition [6] components are WC >80 cm; SBP ≥130 mmHg and/or DBP ≥85 mmHg and/or undergoing BP-lowering treatment; fasting triglyceride levels ≥150 mg/dl and/or treatment for hypertriglyceridaemia; HDL-C <50 mg/dl and/ or treatment for dyslipidemia; and fasting glucose level ≥100 mg/dl or on antidiabetic medication.
The Bartha et al. [10] modified criteria of NCEP APTIII characterize MetS by abdominal obesity, given WC >2 SD for gestational age in the first half of pregnancy or pre gestational BMI >30 kg/m 2 ; triglycerides ≥2 SD for gestational age; HDL-cholesterol <2 SD for gestational age; blood pressure ≥130/85 mm/Hg; and fasting glucose ≥105 mg/dl.
The Chatzi et al. [8, 9] criteria, which modify HNLBI/ AHA and NECP ATP III, are as follows: pre gestational BMI >30 kg/m 2 ; triglycerides ≥150 mg/dl; HDL cholesterol <50 mg/dl; BP ≥130/85 mm/Hg; and fasting glucose ≥100 mg/dl.
Adverse perinatal outcomes
Newborn data collection included birth weight, length, sex, gestational age at delivery, the first and fifth minutes' perinatal morbidity and congenital malformations. Births were defined as pre-term if the gestational age was <37 weeks. The relation between the newborns' weight and gestational age was defined according to Lubchenco's criteria [18] . APO was diagnosed in the presence of any morbidity factors, such as prematurity, a low Apgar score, malformations, respiratory distress syndrome, jaundice, infections, large for gestational age (LGA), small for gestational age (SGA) and macrosomia.
Statistical analysis
Data analyses were performed using the SAS 9. The agreement among the four definitions was determined by kappa statistics (κ). The level of agreement was considered poor for κ ≤ 0.20, fair for κ = 0.21-0.40, moderate for κ = 0.41-0.60, substantial for κ = 061-0.80 and excellent for κ ≥ 0.80 [19] .
The percentage of socio-demographic and obstetric variables, the prevalence of MetS, and the APO of nondiabetic pregnant women with MetS were calculated and grouped as independent and dependent variables.
Independent variables: with or without MetS. Dependent variables: with or without APOs. Comparisons between 'with' and 'without' MetS were made using a difference of proportions test for all criteria. Sensibility, specificity, and positive and negative predicted values were also calculated for all of the criteria used to diagnose of MetS and for APO. A p value <0.05 was considered statistically significant.
Results
A total of 675 non-diabetic pregnant women consented to participate in the survey. Full data sets were available from all participants and are the basis of this report.
The mean values for the socio-demographic and various anthropometric, clinical and biochemical parameters of the study patients are presented in Table 2 .
The mean age of the patients was 24 ± 6.7 years, and the mean gestational age was 39.2 weeks. In terms of educational background, 8.0 % were illiterate, 84.7 % had completed secondary education and 7.3 % had completed high school. One hundred forty-nine patients (22.1 %) were from urban areas, and 572 (84.7 %) were from rural areas. Only one patient was a smoker at the time of the study.
The major occupations of the patients were business (460, 68.1 %), student (141, 21.0 %) and public officials (74, 11.0 %). One hundred eighty-eight (27.8 %) were nulliparous. In our study, the mean values of particular features of metabolic abnormalities characteristic of MetS among pregnant women are summarized in Table 2 . Most of the women studied had normal blood glucose levels (551, 81.6 %). Obesity was evaluated by two parameters: the mean pre-gestational BMI was 24.4 ± 4.2, and the mean WC at term was 93.6 ± 9.3 cm. The mean fasting plasma glucose was 83.7 ± 22.9 mg/dl, and the triglyceride, HDL-C, LDL-C and total cholesterol means were 149.3 ± 55.8, 70.9 ± 18.5, 116.9 ± 34.5, 193.2 ± 37.8, respectively. Hypertension was very common among pregnant women and was detected in 54.8 % of all patients; 6.5 % were taking medication for hypertension.
APOs were diagnosed in 14.1 % of the entire population.
The prevalence of MetS was estimated using NCEP ATP III, the Joint Interim Statement (JIS) definition, and the modified criteria for MetS in pregnancy by Bartha et al. [10] and by Chatzi et al. [9] . The overall prevalence of MetS during pregnancy varied according to the four definitions: 36.6 % for the JIS, 29.2 % for the NCEP ATP III, 12.6 % for the Chatzi definition and 1.8 % for the Bartha definition. These results are shown in Table 3 (p < 0.0001).
The prevalence of individual MetS components according to the four criteria varied according to different criteria, and the results are presented in Table 4 .
Using the JIS definition, 36.0 % had high fasting blood glucose levels, 99.6 % had increased WC, 80.6 % had hypertriglyceridemia, 19.8 % had low HDL-C and 87.4 % presented hypertension.
Using the NCEP ATP III criteria, 22.3 % had increased fasting glucose levels, 95.9 %, had increased WC, 84.3 % had hypertriglyceridemia, 22.8 % had decreased HDL-C, and hypertension occurred in 90.9 %.
Using the Chatzi et al. criteria, 47.1 % exhibited high fasting glucose levels, 47.1 % had a pre gestational BMI >30, 91.8 % had hypertriglyceridemia, 37.6 % had low HDL-C and 92.9 % exhibited hypertension.
The Bartha et al. criteria detected the lowest percentage of MetS in pregnancy, with high fasting glucose levels in 83.3 %, pre gestational BMI >30 in 91.7 %, hypertriglyceridemia in 8.3 %, low HDL-C in 16.7 %, and all patients presenting hypertension.
The frequency of the number of MetS components in the NCEP ATP III, harmonized, Bartha and Chatzi criteria are summarized in Table 5 . The majority of nondiabetic pregnant women had a cluster of one or two metabolic abnormalities in the four definitions used in this study. Table 6 shows the comparison of socio-demographic and various anthropometric, clinical and biochemical parameters between groups with and without MetS components included in the NCEP ATP III, JIS definition, and modified criteria for MetS in pregnancy by Bartha et al. and Chatzi et al.
Non-diabetic pregnant women with MetS were older according to three criteria (NCEP ATP III, the JIS definition and Bartha et al.) and were overweight or obese (either with WC or BMI >30 before pregnancy) according to all four criteria. They had high fasting blood glucose levels, increased serum triglyceride levels, decreased serum HDL-C, increased hypertension prevalence and higher systolic and diastolic blood pressure (p < 0.05).
In the entire population, there were 129 APOs in 95 newborns (14.1 %). The APOs were analyzed according to the four definitions that identified mothers with and without MetS ( Table 7) . The prevalence of newborns with APOs from non-diabetic mothers with and without MetS defined by the four definitions were similar. There was no statistically significant difference between any APO from mothers with and without MetS. Detailed APO data between the groups with and without MetS mothers are presented in Table 7 .
The agreement and disagreement in the diagnosis of MetS among the four criteria is presented in Table 8 In terms of the diagnostic accuracy of MetS, the Bartha et al., NCEP ATP III and Chatzi et al. definitions displayed the highest sensitivity (100 %) and negative predictive value (100 %), whereas NCEP ATPIII and the JIS definition had the highest specificity (100 %) and positive predictive value (100 %).
The agreement and disagreement among APO in the four definitions of MetS in non-diabetic pregnant women is presented in Table 9 .
The agreement among these four definitions varies from excellent to poor. The Bartha, NCEP ATP III, Chatzi and JIS definitions had the highest sensitivity (100 %) and negative predictive value (100 %), whereas the NCEP ATPIII, JIS definition, and Bartha definitions had the highest specificity (100 %) and positive predictive value (100 %) for APO.
Discussion
This study described, for the first time, the global variation of MetS prevalence and its components in a sample of non-diabetic pregnant Angolan women, according to four definitions of MetS. Two classical definitions for MetS (NCEP ATP-III and the Joint Interim Statement-JIS) and two other classical definitions modified for pregnant women (Bartha et al. and Chatzi et al.) were evaluated. There are some similarities among the components of the four criteria: none had pre-requisites, three of the five components of MetS are required to establish a MetS diagnosis; and the level for hypertension diagnosis is the same. However, the cutoff for fasting glycemia varies from 100 to 110 mg/dl.
The assessment of obesity is the greatest difference between the four criteria: some use the classical WC, whereas others rely on pre gestational BMI. Among non-diabetic, black, pregnant Angolan women, the highest prevalence rate was estimated by the Joint Interim Statement (JIS) definition (36.6 %), followed by NCEP ATPIII (29.2 %), Chatzi et al. (12. 6 %) and Bartha et al. (1.8 %) . Irrespective of the defining criteria, our study revealed a very high prevalence of MetS in non-diabetic, pregnant Angolan women. The overall prevalence (29.2 % by NCEP ATPIII criteria) in pregnant Angolan women is similar to that observed in the Nigerian general population (27.9 %), compared to 34.1 % in the USA, and is higher than the overall prevalence in Angola (17.6 %) and Canada [20] .
These results may suggest significant implications for long-term cardiovascular complications, especially in populations of low-to mid-income countries such as Angola. Another explanation for this high prevalence of MetS could be the pregnancy itself, due to the increased abdominal circumference determined either by the gravid uterus or by maternal adaptations to pregnancy as metabolic and hematological changes occur. Many of the parameters involved in the definitions of MetS are part of the maternal adaptations to pregnancy [21] .
The significantly different prevalence rates among the four definitions likely arise due to the different criteria used for obesity parameters-WC cut-off points and pre gestational BMI. It is well established in the literature that different components of the criteria impact the MetS prevalence rates and may complicate the interpretation of epidemiological studies [22] . Another aspect that should be considered is the apparent similarity between the normal development of pregnancy to MetS, including a fraction of women showing increased blood glucose levels, higher triglycerides and higher blood pressure levels. GDM and preeclampsia, which are considered features of MetS, are associated with exaggerated dyslipidemia, insulin and glucose metabolism abnormalities during and even after pregnancy. Women with MetS have a higher risk of developing preeclampsia than do those without MetS [23] . An increased prevalence of MetS was found to correspond with the worsening of glucose tolerance in Brazilian hyperglycemic mothers [7] . Pregnancy offers a unique window of time to inform women of the long-term implications of predictive factors such as anthropometric, biochemical and clinical parameters of MetS during pregnancy, which are not only transient metabolic abnormalities but may also be the first manifestation of a serious disease such as Type 2 DM or CVD [7] .
The high prevalence of MetS among our patients was surprising because they were low-risk, pregnant women, were at term and had vaginal delivery. This finding indicates that in pregnant women, the criterion used to assess obesity by WC represents a confounding factor because the gravid uterus undermines the measurement. The WC has been proposed as a useful screening tool in many primary care settings, although in pregnant women, the WC is potentially problematic because the uterine size could interfere in this measurement. This has led to some confusion on the part of obstetricians regarding how to identify pregnant women with MetS. During pregnancy, the characterization of central obesity is difficult due to uterus enlargement. The suggested WC cut-off points to define MetS result from experts' consensus and, in our view, justify additional clinical and epidemiological prospective studies on pregnant women by using adverse perinatal outcomes as a dependent variable.
Recent guidelines released by the Joint Interim Statement (JIS) [6] stressed the need to adopt ethnicity-specific values of WC to measure central obesity. For a given WC, Asians, blacks, and Caucasians showed different levels of intra-abdominal adiposity, thus putting the subjects at different levels of risk for CVD and type2 DM [24, 25] .
However, these guidelines did not determine how to evaluate MetS during pregnancy, which cut-off points should be used to define abdominal obesity, the prevalence of MetS during pregnancy worldwide, and the impact of MetS both in pregnancy and in the perinatal period. The various diagnostic criteria have led to some confusion on the part of clinicians regarding how to identify pregnant women with MetS.
This issue suggests the need to reconsider the current cut-off points for WC to establish specific recommendations for pregnant women.
Although the two classical definitions of MetS were introduced in 2001 and 2005 and the consensus statement was established in 2009 [2] , disagreement remains regarding their use in clinical practice. This debate is caused by disparities in the results, as evidenced by the review by Oguoma, VM 2014 in Prevalence of cardiometabolic syndrome in Nigeria: a systematic review [20] .
Conversely, the two definitions that have modified the classical consensus for MetS in pregnancy detected the lowest levels of MetS in non-diabetic, pregnant Angolan women [Chatzi et al. (12. 6 %) and Bartha et al. (1.8 %) ]. The definition proposed by Chatzi was based on an adaptation of the NHLB/AHA criteria, and obesity is defined as a pre gestational BMI >30 kg/m 2 . The authors analyzed the association between MetS characteristics before pregnancy and early in pregnancy and concluded that women with these MetS components were at a high risk of GDM development. The definition of obesity according to the WHO criteria (BMI > 30 kg/m 2 ) was used in four other studies evaluating MetS in pregnant women (Chatzi et al. preterm; Bartha et al.) . These studies showed that MetS is not only directly responsible for the development of atherosclerotic cardiovascular disease but that it has additional impacts on human pregnancy, such as preterm delivery, low birth weight infants, and the development of diseases such as diabetes, preeclampsia and hypertension.
Considering the apparent disagreement surrounding the evaluation of central obesity in the diagnosis of MetS, we found a substantial degree of agreement between the JIS definition and the NCEP ATPIII (0.83), which indicates that the requirement of abdominal obesity did not generate significant discrepancies in the prevalence or the classification of the MetS; instead, the WC cut-off points did. Similar results were found in a large Chinese population, other Caucasian populations [27, 28] , and in Luxembourg [28] .
The definitions using pre gestational BMI in pregnancy exhibited considerable (0.22) agreement.
African pregnant women with MetS were older according to three criteria (NCEP ATP III, the JIS definition and Bartha et al.) and more overweight or obese either with the WC or BMI >30 before pregnancy variables based on all four criteria. They had higher fasting glycemia, increased serum triglyceride levels, decreased serum HDL-C, increased hypertension prevalence and higher systolic and diastolic blood pressure.
